
US007593488B2 

(12) Ulllted States Patent (10) Patent N0.: US 7,593,488 B2 
Furman et a]. (45) Date of Patent: Sep. 22, 2009 

(54) METHOD ANDAPPARATUS FOR 5,974,098 A * 10/1999 Tsuda ...................... .. 375/340 

DETECTION OF SIGNAL WITHOUT THE AID 6,289,057 B1 * 9/2001 Velez et al. . 375/317 
()E TRAINING SEQUENCE 6,317,456 B1* 11/2001 Sayeed .... .. 375/227 

6,349,120 B1* 2/2002 Shiet a1. 375/316 

(75) Inventors: William Nelson Furman, Fairport, NY 6’760’370 132* 7/2004 Ll et.a1' "" " 375/227 
(Us) E . N K k. F . rt NY 2001/0022790 A1* 9/2001 Porcino 375/316 

’ m “man "s 1’ mp0 ’ 2001/0026598 A1 * 10/2001 Porcino .......... .. 375/334 

(Us) 2002/0154620 A1* 10/2002 AZenkot et a1. 370/347 
2003/0157965 A1* 8/2003 M tal. 455/560 

(73) Assigneei Harris Corporation, Melbourne, FL 2003/0171900 A1 * 9/2003 132:1) ......... .. 702/190 
(Us) 2004/0101035 A1 * 5/2004 Boer et al. 375/219 

2005/0018750 A1* 1/2005 Foerster et a1. ............ .. 375/130 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 OTHER PUBLICATIONS 

U~S~C- 15403) by 635 day5~ “IEEE 100,” The Authoritative Dictionary of IEEE Standards Terms 
Seventh Edition, IEEE Press Publications, 2000, p. 2.* 

(21) Appl. No.: 10/422,957 _ _ 
* c1ted by examlner 

(22) Filed: Apr‘ 25’ 2003 Primary ExamineriKhai Tran 

(65) Prior Publication Data (74) Attorney, Agent, or FirmiDuane Morris LLP 

US 2004/0213359 A1 Oct. 28, 2004 (57) ABSTRACT 

(51) Int CL Embodiments of a method and system for determining the 
H03D 1/00 (200601) presence or absence of a digital communication signal are 
H03M 13/03 (200601) disclosed. One embodiment of the inventive method com 

(52) U 5 Cl 375/340_ 714/792 prises the steps ofcollecting a plurality of signal samples at a 
(58) Fi'el'd 0 B75627 selected frequency for a knoWn period of time, determining a 

375628 262 265 3/792 79 4’ metric dependent upon at least one measured characteristic 
’ ’ ’714/7’95 7’96_ 700/5’2 73’ associated With the collected signal samples, and indicating 

Seea lication ?le for Com lete Search time ’ signal status as present When said determined metric is 
pp p ry' greater than a knoWn value. In another embodiment, the 

(56) References Cited aforementioned method may indicate the signal status as 

US. PATENT DOCUMENTS 

4,501,020 A * 2/1985 Wakeman .............. .. 455/2261 

5,267,244 A * 11/1993 Messerschmitt et al. 370/342 
5,619,507 A * 4/1997 Tsuda ...................... .. 375/365 

5,661,527 A * 8/1997 Ferguson .. 348/558 

5,703,954 A * 12/1997 Dapperet a1. ............... .. 381/15 

@ 

ADD 2 
AMPLITUDE 
TD DDLLEBTED 
VALuEE 

DA GET FIRST 
3' SAMPLE 

35 

absent When the determined metric is less than the knoWn 
value. As should be appreciated, embodiments of the inven 
tive method may be used to determine the knoWn value by 
determining the metric performance for a plurality of samples 
for a plurality of signal conditions. 

16 Claims, 5 Drawing Sheets 

EDD 

DETERMINE 
METRIC 

DECLARE 
PRESENCE 

GET DETERMINE 
NEXT \325 A 2 A5 
SAMPLE 330 N 

DETERMINE 

/MEAN 
(SEE FIG. 2) 

DETERMINE 
VARIANCE 

@i 



US. Patent Sep. 22, 2009 Sheet 1 of5 US 7,593,488 B2 

INPUT 11C] 



US. Patent Sep. 22, 2009 Sheet 2 of5 US 7,593,488 B2 

ENTRY 
20E] 

GET FIRST 
/ SAMPLE 

21 Cl 

ADD 
AMPLITUDE 

/TEI BULLEBTED 
VALUES 

21 5 

22C] 

MCIRE 
SAMPLES 
AVAIL. 
? 

YES 

225 23!] 

/ 
GET NEXT DETERMINE 
SAMPLE MEAN 

@ l EXIT I 

FIGURE 2 



US. Patent Sep. 22, 2009 Sheet 3 of5 US 7,593,488 B2 

@@ ? 
DETERMINE GET 

/- FIRST METRIC 
31 D SAMPLE 

36!] 

ADD 2 

/ AMPLITUDE 
31 5 TEI BULLEETED METR'B YES 

> THRESHEILD 
VALUES ? 

NU 

DECLARE 
PREEENEE 

GET \ DETERMINE 375 
NEXT 325 /2A2 
SAMPLE 330 N 

DETERMINE 

/-MEAN 
335 (SEE FIG. 2) 

DETERMINE 
VARIANCE 

340 

FIGURE 3 



US. Patent Sep. 22, 2009 Sheet 4 of5 US 7,593,488 B2 

v. mmjmzu 
UN m._. UP 

Um"? 

UN? 

DU? 

LNFICICI 





US 7,593,488 B2 
1 

METHOD AND APPARATUS FOR 
DETECTION OF SIGNAL WITHOUT THE AID 

OF TRAINING SEQUENCE 

BACKGROUND OF THE INVENTION 

Many communication systems or networks, both Wired, 
e.g., Ethernet, and Wireless, e.g., HF, VHF, UHF, radio, utilize 
a form of Carrier Sense Multiple Access (“CSMA”) to deter 
mine Whether a frequency or radio channel is being used by 
another station or stations before using the frequency or chan 
nel. HoWever, this technique does not Work Well in the noise 
and interference-rich environment of radio communications. 
In some systems, a knoWn sequence, i.e., a training sequence, 
is interspersed in modem Waveforms to assist in signal detec 
tion and channel tracking. 

HoWever, signal detection of standard HF modem Wave 
forms is further hampered by the use of heavily ?ltered Phase 
Shift Keyed (“PSK”) Waveforms (e.g., M-PSK). These Wave 
forms are extremely noise-like in nature and dif?cult to dis 
tinguish from background noise and interference. Without the 
presence of the training sequence, the ability to determine the 
presence or absence of these Waveforms is extremely dif?cult 
to achieve. 

Hence, there is a need in the industry for a system that is 
able to determine the presence or absence of a PSK signal 
Without the need of a training sequence. Embodiments of the 
present invention are related to the ?eld of digital communi 
cations and more speci?cally determining Whether a commu 
nication signal is present or absent to meet the above-identi 
?ed needs. More speci?cally, methods and systems for 
determining the presence or absence of a digital communica 
tion signal are disclosed. One method comprises the steps of 
collecting a plurality of signal samples at a selected frequency 
for a knoWn period of time, determining a metric dependent 
upon at least one measured characteristic associated With the 
collected signal samples, and indicating signal status as 
present When the determined metric is greater than a knoWn 
value. In another aspect, the method may indicate the signal 
status as absent When the determined metric is less than said 
knoWn value. Other embodiments of the present inventive 
method may further be used to determine the knoWn value by 
determining a metric for a plurality of samples for a plurality 
of signal conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a block diagram of a detection circuit in 
accordance With the principles of the invention; 

FIG. 2 illustrates a How chart of an exemplary process for 
determining a ?rst signal characteristic in accordance With 
the principles of the invention; 

FIG. 3 illustrates a How chart of an exemplary process for 
determining a second signal characteristic in accordance With 
the principles of the invention; 

FIG. 4 illustrates a chart of measured performance in 
accordance With the principles of the present invention; and 

FIG. 5 illustrates a system for executing the processing of 
the present invention. 

It is to be understood that these draWings are solely for 
purposes of illustrating the concepts of the invention and are 
not intended as a de?nition of the limits of the invention. The 
embodiments shoWn in FIGS. 1 through 5 and described in 
the accompanying detailed description are to be used as illus 
trative embodiments and should not be construed as the only 
manner of practicing the invention. Also, the same reference 
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2 
numerals, possibly supplemented With reference characters 
Where appropriate, have been used to identify similar ele 
ments. 

DETAILED DESCRIPTION 

FIG. 1 illustrates a block diagram of an exemplary PSK 
receiving system 100 in accordance With the principles of the 
invention. In this exemplary system, a digital signal 110 is 
conventionally applied to multipliers 120, 125, Which 
demodulate digital signal 110 into an in-phase and quad 
phase component, 126, 127, respectively. The demodulated 
components are optionally applied to excision 130 to remove 
any narroW-band signal, e. g., tone jammer, that may be super 
imposed on signal 110. The demodulated signals are then 
applied to vector magnitude determinator 140. Determination 
of signal vector magnitude values as a complex value, i.e., 
magnitude and phase, is Well knoWn in the art. For example, 
real magnitude may be determined as the square root of the 
sum of the squares of the in-phase 126 and quad-phase 127 
components of the signal. 
The vector magnitudes are then applied to processor 145 to 

determine characteristics of the received signal over a knoWn 
period of time. In a preferred aspect of the invention, the 
determined characteristics are the mean and variance of the 

real magnitude of the complex value associated With the 
collected sample. Processor 145 is further operable to deter 
mine a metric value associated With the determined charac 

teristics. The determined metric is then applied to comparator 
147 concurrently With a knoWn threshold value 148. An indi 
cation 150 of signal presence occurs When the determined 
metric value is greater than the knoWn threshold. Otherwise, 
an indication of no signal detected is provided. 

FIG. 2 illustrates a How chart 200 of an exemplary process 
for determining a preferred ?rst characteristic value as a real 
magnitude of the complex magnitude, i.e., amplitude, asso 
ciated With the signals received during a knoWn time period. 
In the preferred embodiment, shoWn in FIG. 2, a mean value 
of the complex vector amplitudes associated With the col 
lected signal samples may be determined as: 

Z: 

In this preferred embodiment, a ?rst sample is obtained at 
block 210. The amplitude associated With the sample is added 
to an accumulated sum of amplitudes at block 215. A deter 
mination is made at block 220 Whether more samples are 
available. If the ansWer is in the af?rmative, then a next 
sample is obtained at block 225 and processing continues at 
block 215. HoWever, if the ansWer is in the negative, then a 
mean value is determined in accordance With equation 1 at 
block 230. 

FIG. 3 illustrates a How chart 300 of an exemplary process 
for determining a preferred variance value of the amplitudes 
associated With the signals received during a knoWn time 
period. In the preferred embodiment shoWn in FIG. 3, a vari 
ance value of the complex vector amplitudes associated With 
the collected signal samples may be determined as: 
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or more speci?cally, 
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In this preferred embodiment, a ?rst sample is obtained at 
block 310. The amplitude associated with the sample is 
squared and added to an accumulated sum of vector magni 
tudes at block 315. A determination is made at block 320 
whether more samples are needed. If the answer is in the 
af?rmative, then a next sample is obtained at block 325 and 
processing continues at block 315. 

However, if the answer is in the negative, then an average 
value of the squares of the vector magnitudes or amplitude 
values is determined at block 330. At block 335, a mean value 
of the collected amplitudes is determined, similar to the pro 
cess shown in FIG. 2. At block 340, a variance value, in 
accordance with equation 2, is then determined. 
As would be understood, the received data samples are 

collected over a known period of time. In one aspect of the 
invention, the period is preferably 450 milliseconds. In a 
second aspect, the period is 900 milliseconds. However, it 
would be appreciated that any time period that provides for 
suf?cient data sample collection may be selected without 
altering the scope of the invention. 
A performance metric may be determined at block 350 in 

relation to the ?rst and second measured characteristic, in the 
preferred embodiment mean and variance, as: 

where m is the metric value; 
A is the mean value; and 
V is the variance. 
In this case, the ratio shown in equation 3 provides an 

indication of dispersion of the received demodulated samples 
in IQ vector space. A low dispersion value indicates the 
received signal resembles a PSK signal received with an 
unknown sub-carrier frequency offset. 

At block 360, a determination is made whether the deter 
mined metric is greater than a known threshold value. If the 
answer is negative, then processing is ended. However, if the 
answer is in the af?rmative, then the signal status is deemed 
present at block 370. 

Although the present invention has been described in 
accordance with a preferred embodiment of the invention, it 
should be appreciated that other similar metrics based on 
statistical characteristics of the received signal sample, such 
as geometric mean, harmonic mean, weighted mean, mode, 
median, quartile, percentiles, mean deviation, standard devia 
tion, root mean square, etc., may also be used without altering 
the scope of the invention. 

FIG. 4 illustrates the performance metric shown in equa 
tion 3 using a plurality of samples associated with different 
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4 
signal conditions. Histogram 410 is representative of a plu 
rality of metric values determined by equation 1 for a no 
signal and an on-air noise only condition. Histogram 420 is 
representative of a plurality of metric values determined by 
equation 1 for a white-Gaussian noise only signal. Histogram 
430 is representative of a plurality of metric values deter 
mined by equation 1 for a signal having a signal-to-noise ratio 
of 2 dB. Histogram 440 is representative of a plurality of 
metric values determined by equation 1 for a signal having a 
signal-to-noise ratio of 10 dB. As should be appreciated, no 
signal or noise only signals have a large dispersion and a 
corresponding small metric value. On the other hand, rela 
tively high SNR signals have a small dispersion and a corre 
sponding large metric value. 

FIG. 4 further illustrates a metric related threshold value 
that may be used in comparator 147 of FIG. 1 to determine the 
presence of a signal. In this case, a value of four (4) units may 
be selected as a threshold value in comparator 147 that may be 
used to determine the presence of signal. Hence, data col 
lected having a metric value less than the selected threshold 
are classi?ed “not-present,” while data collected having a 
metric value greater that the selected threshold are classi?ed 
as “present”. 

FIG. 5 illustrates an exemplary embodiment of a system 
500 containing processor 145 that may be used for imple 
menting the principles of the present invention. System 500 
may represent a desktop, laptop or palmtop computer, a per 
sonal digital assistant (PDA), as well as portions or combina 
tions of these and other devices, and may be embedded in a 
radio product, cellular phone or other wireless communica 
tion device or product. System 500 may contain one or more 
input/output devices 502, processors 503 and memories 504, 
that are operable to execute the processing illustrated in 
FIGS. 2 and 3. 

Processor 145 may access vector magnitude determinator 
501 that contains information items regarding vector magni 
tudes associated with the collected samples. Information con 
tained in vector magnitude determinator 501 may be stored in 
permanent or semi-permanent media, such as RAM, ROM, 
hard disk drive, optical disk drive or other image storage 
devices or may also be obtained dynamically and in real-time. 

Input/output devices 502, processors 503 and memories 
504 may communicate over a communication medium 506. 
Communication medium 506 may represent, for example, an 
internal communication bus or network, one or more internal 
connections of a circuit, circuit card or other apparatus, as 
well as portions and combinations of these and other commu 
nication media. Input data from vector magnitude determina 
tor 501 may be received by I/O device 502 and, in accordance 
with one or more software programs operable to execute the 
exemplary processing shown in FIGS. 2 and 3, may be stored 
in memories 504 and executed by processors 503. The output 
of the processing, i.e., a metric value, may then be applied to 
comparator 147 for further processing. 

Processors 503 may be any means, such as general purpose 
or special purpose computing system, or may be a hardware 
con?guration, such as a laptop computer, desktop computer, 
handheld computer, dedicated logic circuit, integrated circuit, 
ProgrammableArray Logic (PAL), Application Speci?c Inte 
grated Circuit (ASIC), etc., that provides a known output in 
response to known inputs. 

In one embodiment, coding and decoding employing the 
principles of the present invention is implemented by com 
puter readable code executed by processor 503. The code may 
be stored in the memory 504 or read/downloaded from a 
memory medium such as a CD-ROM or ?oppy disk (not 
shown) in communication with processor 503 or I/O device 
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502. In other embodiments, hardware circuitry may be used in 
place of, or in combination with, software instructions to 
implement the invention. For example, the elements illus 
trated herein may also be implemented as discrete hardware 
elements. 
As would be understood, the term processor may represent 

one or more processing units or computing units in commu 
nication with one or more memory units and other devices, 
e.g., peripherals, connected electrically, electronically, or 
wirelessly to and communicating with the at least one pro 
cessing unit. Furthermore, the devices may be electrically, 
electronically or wirelessly connected to the one or more 
processing units via internal busses, e.g., ISA bus, micro 
channel bus, PCI bus, PCMCIA bus, wireless, etc., or one or 
more internal connections of a circuit, circuit card or other 
device, as well as portions and combinations of these and 
other communication media or an external network, e.g., the 
Internet and Intranet. 

While there has been shown, described, and pointed out 
fundamental novel features of the present invention as applied 
to preferred embodiments thereof, it will be understood that 
various omissions and substitutions and changes in the appa 
ratus described, in the form and details of the devices dis 
closed, and in their operation, may be made by those skilled in 
the art without departing from the spirit of the present inven 
tion. For example, although the present invention has been 
described with regard to declaring the presence of a digital 
signal at a known frequency, it would be within the knowl 
edge of one skilled in the art to provide to indication when 
presence is detected and an indication when a signal is not 
detected. Accordingly, while the word “presence” is used to 
describe the present invention, the determination of the 
“absence” of a signal is also contemplated to be within the 
scope of the invention. It should further be appreciated that 
the present invention is operable when a large frequency 
offset is present. Hence, the tracking of a frequency offset, 
which is preformed in conventional modern technology, is not 
needed for the operation of the present invention. 

It is expressly intended that all combinations of those ele 
ments that perform substantially the same function in sub 
stantially the same way to achieve the same results are within 
the scope of the invention. Substitutions of elements from one 
described embodiment to another are also fully intended and 
contemplated. 
What is claimed is: 
1. A tunable receiving system comprising: 
means for demodulating a received signal; 
means for isolating desired components from undesired 

components of said received signal; 
means for collecting a plurality of complex digital signal 

samples from said desired components at a known fre 
quency for a known period; 

means for determining a real magnitude for each of said 
plurality of complex digital samples; 

means for determining both a mean and a variance of a 
plurality of real magnitudes of said complex digital 
samples; 

means for computing a combined metric based on both of 
said determined mean and variance; and 

means for indicating a presence of a signal when said 
combined metric is greater than a known value. 

2. The system as recited in claim 1, further comprising: 
means for altering said known frequency. 
3. The system as recited in claim 1, further comprising: 
means for altering said period for collecting said plurality 

of complex digital samples. 
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6 
4. The system as recited in claim 1 wherein said combined 

metric is determined in relation to said mean squared and said 
variance. 

5. The system of claim 1 wherein said combined metric is 
a function of a square of a mean value of said real magnitudes 
divided by a variance value of said real magnitudes. 

6. The system of claim 1 wherein said combined metric is 
a function of a quality of said received signal. 

7. The system of claim 1 wherein said received signal is 
selected from the group consisting of: phase shift keyed 
(PSK) signal, quadrature phase shift keyed (QPSK) signal, 
binary PSK signal, offset QPSK signal, and differential PSK 
signal. 

8. The system of claim 1 wherein said means for isolating 
is an excision ?lter. 

9. In a tunable receiving system, a method to detect a 
communication signal, the method comprising: 

demodulating a received signal; 
isolating desired components from undesired components 

of said received signal; 
collecting a plurality of complex digital signal samples 

from said desired components at a known frequency for 
a known period; 

determining a real magnitude for each of said plurality of 
complex digital samples; 

determining both a mean and a variance of a plurality of 
real magnitudes of said complex digital samples; 

computing a combined metric based on both of said deter 
mined mean and variance in the receiving system; and 

indicating presence of the communication signal when said 
combined metric is greater than a known value. 

10. The method as recited in claim 9, further comprising 
the step of altering said known frequency. 

11. The method as recited in claim 9, further comprising 
the step of altering said period for collecting said plurality of 
complex digital samples. 

12. The method as recited in claim 9 wherein said com 
bined metric is determined in relation to said mean squared 
and said variance. 

13. The method of claim 9 wherein said combined metric is 
computed as at least a function of a square of a mean value of 
said real magnitudes divided by a variance value of said real 
magnitudes. 

14. The method of claim 9 wherein said combined metric is 
computed as a function of at least a quality of said received 
signal. 

15. The method of claim 9 wherein said received signal is 
selected from the group consisting of: phase shift keyed 
(PSK) signal, quadrature phase shift keyed (QPSK) signal, 
binary PSK signal, offset QPSK signal, and differential PSK 
signal. 

16. In a tunable receiving system, a method to detect the 
presence of a communication signal in a received signal, the 
method comprising: 

demodulating the received signal; 
isolating, by ?ltering, desired components from undesired 

components of said received signal; 
collecting a plurality of complex digital signal samples 

from said desired components at a known frequency for 
a known period; wherein one of the plurality of complex 
digital signal samples comprises a real component I and 
an imaginary component Q; 

determining a real magnitudeY for each of said plurality of 
complex digital samples, wherein the real magnitude Y: 
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determining both a mean (m) and a Variance (V) of a plu- comparing the combined metric With a predetermined 
rality of real magnitudes of said complex digital threshold (C), and 
Samples; indicating the presence of the communication signal When 

computing a combined metric f(m,v) that is a function of at Sald Combmed meme f(m’v) 15 greater than the prede 
least said determined mean and said Variance in the 5 tenmned threshold (C) 

receiving system; * * * * * 


